Clinical Neuropharmacology 

Vol. 17, No. 3, pp. 243-259 

© 1994 Raven Press, Ltd., New York 



BEST AVAILABLE 0O#V 



Clinical Usefulness of Apomorphine in 
Movement Disorders 



Carlo Colosimo, *Marcelo Merello, and Alberto Albanese 

Istituto di Neurologia, Universita Cattolica del Sacro Cuore, Roma, Italy; and 
*Fundacidn para la Lucha de las Enfermedades Neurologicas de la Infancia (FLENI), 

Buenos Aires, Argentina 



Summary: Apomorphine, the first dopamine agonist to be synthesized, has 
received a renewed interest in the last few years. This compound acts power- 
fully on Dj and D 2 dopamine receptors and has the most complete pharmaco- 
logical profile of all clinically available dopamine agonists. When given sub- 
cutaneously, apomorphine consistently reverses levodopa-resistant "off pe- 
riods in parkinsonian subjects: thus, it is used in cases with severe motor 
fluctuations, either by continuous infusion with a portable pump or by multiple 
injections. Studies based on this approach have been highly encouraging, as 
they have shown a significant reduction in off time and a good drug tolerability. 
The main side effect has been the occurrence of nodular skin lesions, especially 
when continuous infusions were used. .At variance with other dopamine ago- 
nists, a low incidence of psychiatric morbidity has been reported with apomor- 
phine. The few available comparative reports have shown that this compound 
is more potent and better tolerated than lisuride. Parenteral apomorphine has 
been used in Parkinson's disease (PD) to replace levodopa after surgery or to 
treat the malignant syndrome brought about by sudden levodopa withdrawal. 
Acute challenge with apomorphine has been used to test dopaminergic respon- 
siveness in parkinsonian syndromes and in dystonia. The clinical response to 
apomorphine may predict the effect of a chronic therapy with levodopa in 
-90% of PD cases. Further studies are still necessary to evaluate the exact 
relationship between the acute response to apomorphine and a chronic ther- 
apy. In addition, apomorphine has been used to conduct clinical pharmaco- 
logical studies in PD, for it is particularly well suited for research on the 
pharmacodynamics of central dopamine receptors. In summary, apomorphine 
appears to be an efficacious and safe drug for the treatment of advanced PD. 
It must still be considered under clinical evaluation as a test drug for acute 
challenge in PD and dystonia. Finally, in our opinion, the available data sug- 
gest apomorphine (in conjunction with domperidone) as a first-choice treat- 
ment for the neuroleptic malignant syndrome and the temporary replacement 
of levodopa (e.g., after gastrointestinal surgery). Key Words: Apomorphine— 
Dopamine— Dystonia — Huntington's disease — Levodopa — Lisuride — 
Parkinson's disease. 
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Apomorphine was first synthesized in 1869, when Matthiessen and Wright 
noted that, when morphine was dehydrated with hydrochloric acid, a skeletal 
rearrangement led to the formation of a new molecule (1); they called this com- 
pound apomorphine (10,11-dihydroxyaporphine). Although derived from mor- 
phine, apomorphine has little pharmacological similarity with this narcotic anal- 
gesic. Its emetic properties were described in 1869 by Gee, who also reported the 
case of a boy whose maniacal state improved after apomorphine administration 
(2). Toward the end of the 19th century, the sedative-hypnotic properties of 
apomorphine were reported by several other authors, who administered lower 
doses than those necessary to induce emesis (3). These observations supported 
the use of apomorphine in the treatment of several psychiatric disorders, including 
schizophrenia, manic states, idiopathic depression, delirium tremens, neurosis 
with panic attacks, and sleeplessness. In 1884, Weil treated various motor distur- 
bances with apomorphine, including chorea, jacksonian epilepsy, and hiccoughs 
(4). The efficacy of this approach led him to first propose the use of apomorphine 
in Parkinson's disease (PD). 

PHARMACOLOGY 

The precise chemical structure of apomorphine was elucidated in 1902 (5), but 
only recently it was shown that it remarkably recalls the structure of dopamine 
(6). In these early reports, two main clinical features of apomorphine were re- 
peatedly documented: a short duration of action and the occurrence of side ef- 
fects, such as nausea, vomiting, sedation, yawning, bradycardia, and postural 
hypotension. The various actions of apomorphine, on both experimental animals 
and humans, were known long before they were recognized as due to a stimulation 
of central and peripheral dopamine receptors. Among all the available synthetic 
dopamine agonists, apomorphine is the one with a pharmacological profile most 
closely related to that of dopamine. Indeed, apomorphine has a rather high affinity 
for dopamine receptors; its reactivity constant (Kj) values indicate a fairly good 
affinity for D 2 , D 3 , and D 4 receptors and much less affinity for Dj and D 5 recep- 
tors. This means that apomorphine has an approximately 10-fold higher affinity 
for D 2 than for Dj dopamine receptors (7). In this respect, apomorphine differs 
from all ergot derivatives, which are mainly or uniquely D 2 receptor agonists. 

The peripheral pharmacokinetic of parenteral apomorphine was elucidated in 
humans quite recently. Evaluations based on a two-compartment model have 
reported that the distribution half-life is 4.8 ± 1.1 min, and that the elimination 
half-life is 33.6 ± 3.9 min (8). After a single subcutaneous injection, apomorphine 
is rapidly absorbed, with peak plasma concentrations occurring as early as 3 min 
after the administration. After an injection in parkinsonian subjects, the clinical 
effect on movement usually begins within 6-8 min and lasts for 40-90 min. The 
drug equilibrates quickly between blood and tissue compartments, including 
brain, because of its high solubility in lipids. As a consequence of lipophilia, brain 
concentrations are up to eight times higher than those occurring in plasma. The 
elimination half-life, calculated for subcutaneous administration, is similar to that 
for the intravenous route. This suggests that apomorphine is completely absorbed 
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from the subcutaneous tissue (more rapidly after an injection in the anterior ab- 
dominal wall); thus, in clinical practice, subcutaneous infusions appear to be as 
efficacious as intravenous ones. The activity after oral administration is, on the 
contrary, quite low: this is due to poor bioavailability of the drug, mainly related 
to a strong "first-pass" hepatic metabolism (9). 

Peripheral side effects of apomorphine have hindered its diffusion as a thera- 
peutic agent. It was only after the discovery that domperidone is a D 2 dopamine 
receptor blocker that does not cross the blood-brain barrier (10) that apomorphine 
could be used, in association with this antidote, as an effective therapeutic agent 
(11). Pretfeatment with domperidone not only increases tolerability but can also 
prevent cardiovascular reflex changes induced by apomorphine (12). Based on 
these premises, apomorphine has been increasingly used in neurological practice 
in conjunction with domperidone. Furthermore, after the introduction of new 
drug-delivery systems, the short half-life of apomorphine does not constitute a 
major limitation to its clinical use. 

PARKINSON'S DISEASE 
Therapeutic Use 

Early Investigations 

Based on the experimental evidence that apomorphine abolished decerebrated 
rigidity in animals, Schwab and co-workers proposed in 1951 to use it as an 
antiparkinsonian agent, particularly to treat rigidity and tremor (13). This obser- 
vation did not result in a new approach in clinical practice, due to the variety of 
side effects already mentioned. The antiparkinsonian activity of apomorphine was 
later reconsidered, based on the discovery that it is a potent dopamine receptor 
agonist (14). Its use as antiparkinsonian agent was proposed again! in 1970 (15). 
Apomorphine was administered subcutaneously (0.25-2 mg in each injection) to 
untreated patients or to patients who had already benefited from levodopa. In this 
study, similarities between the antiparkinsonian properties of levodopa and those 
of apomorphine were observed (15). The same authors later reported also on the 
efficacy of the oral administration of apomorphine (150-1440 mg/day); they ob- 
served that, when doses were slowly increased, apomorphine did not produce a 
great number of side effects, most patients being able to tolerate the medication. 
Unfortunately, at the high doses employed, a dose-dependent, reversible eleva- 
tion of serum urea and creatinine, with no other changes in electrolytes or uri- 
nalysis, was observed (16). In summary, although the efficacy of apomorphine in 
PD was confirmed, the severity of the observed side effects (compared to those of 
levodopa) and the short duration of each parenteral administration significantly 
limited the therapeutic profile. 

Current Indications 

PD is characterized by an initial favorable and stable motor response to levo- 
dopa, which subsequently results in the appearance of disabling fluctuations in 
motor performance. Although it is not difficult to treat the disease at early stages, 
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the availability of a wide array of drugs is necessary for fluctuating patients. Many 
mechanisms have been proposed to explain levodopa-related motor fluctuations, 
including levodopa peripheral pharmacokinetics, erratic absorption at gastric 
level, increased production of 3-0-methyl-3,4-dihydroxyphenylalanine (DOPA), 
loss of storage at the presynaptic dopaminergic terminals, and pharmacodynamic 
postsynaptic receptor modifications (17). It has become increasingly evident that 
severe motor fluctuations, such as those observed in most parkinsonian patients 
after several years of disease duration, cannot be easily overcome by a simple 
adjustment of the levodopa daily schedule or by the addition of available dopa- 
mine agonists given orally. 

Continuous dopaminergic stimulation (via parenteral administration) has been 
proposed as a method for stabilizing motor conditions in patients with frequent 
fluctuations and severe off periods. Several different drugs and delivery systems 
have been suggested. Unfortunately, levodopa is poorly water soluble and is not 
easily amenable to parenteral administration (18). Although levodopa can be con- 
jugated to acquire water solubility, its carrier system through the blood-brain 
barrier is influenced by the oral intake of large neutral amino acids. The most 
commonly known soluble conjugate of levodopa is the methyl ester, which brings 
a potential toxicity from its breakdown product, methanol (19). 

Based on this, it was thought that, to overcome motor fluctuations, the contin- 
uous parenteral infusion of a potent dopamine agonist for most of the day could be 
substituted for or, more often, be added to oral levodopa. Indeed, the clinical 
efficacy of dopamine agonists would be independent of any competition with 
dietary amino acids at the blood-brain barrier. Due to their high solubility in 
water, apomorphine and lisuride are the natural candidates for subcutaneous ad- 
ministration. A first clinical trial with lisuride showed a marked improvement in 
those severely fluctuating patients who were able to tolerate the drug (20). A 
direct comparison of apomorphine to lisuride in two patients showed that apo- 
morphine is more potent and better tolerated than lisuride (21). Additional reports 
directly comparing apomorphine and lisuride are remarkably lacking (22). We 
observed a patient in whom lisuride and apomorphine were infused on consecu- 
tive days at increasing doses: the tolerability/efficacy ratio showed a marked 
difference in favor of apomorphine, which was the only drug able to switch the 
patient on without the association of levodopa. Long-term results of lisuride have 
confirmed that its parenteral use is complicated by a significantly high incidence 
of severe psychiatric side effects (in 44% of cases), possibly due to its serotonin- 
ergic properties (23). The experience with apomorphine infusions is reported sub- 
sequently. 

Subcutaneous Administration 

After the demonstration that single injections of apomorphine reliably and ef- 
fectively improve motor performance during levodopa-resistant off periods (24), 
Stibe and co-workers reported the preliminary results of apomorphine infusion in 
six parkinsonian patients with on-off fluctuations and levodopa-resistant off pe- 
riods (21). Apomorphine was continuously administered by means of a portable 
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battery pump, usually incorporating a booster function to give a bolus on demand. 

A butterfly needle was inserted subcutaneously in the abdomen and changed once 
daily. This study indicated a marked reduction in the number of hours spent in the 
off period per day, without significant side effects. The oral administration of 
domperidone almost abolished nausea, vomiting, and postural hypotension. 

Two larger reports from the same group later confirmed the efficacy of contin- 
uous daytime (or, in some cases, around-the-clock) apomorphine in a larger group 
of patients (25,26). Levodopa requirements were significantly reduced after apo- 
morphine, and a few selected patients discontinued levodopa completely. In a 
separate group with shorter and less frequent off periods, single injections of 
apomorphine were intermittently administered by a manual pen-like device for 
self-injections commonly used to deliver insulin. Such a device could conve- 
niently release repeated single subcutaneous doses of preset amounts of the so- 
lution. The injections were delivered into the abdomen or the thighs by the same 
patients, who were advised to anticipate the off periods. When this was not 
possible, the patients needed to be injected by their spouses or caregivers. 

Hughes and colleagues reported on a long-term follow-up of these patients (27). 
Intermittent or continuous apomorphine was administered to 108 patients, for up 
to 5 years. Apomorphine reduced the daily off periods by an average 50%! These 
excellent results were maintained throughout the following years, with a low 
incidence of psychiatric morbidity (overall 21%, mainly mild symptoms). Apo- 
morphine appeared not to produce appreciable tolerance or loss of therapeutic 
efficacy with time. Moreover, in some cases, it was possible to progressively 
reduce and eventually withdraw domperidone. Similar findings were reported by 
other European groups (28-37), whose results are summarized in Tables 1 and 2. 
Based on such a wide experience, it appeared that the long-term therapeutic 
response to apomorphine was frequently marred by the occurrence of severe on 
dyskinesias, even though in a few cases, apomorphine infusion led to a progres- 
sive reduction of the severity of dyskinesias. The latter observation is of special 
interest, as it might reflect the occurrence of striatal dopamine receptor desensi- 
tization after a continuous stimulation by apomorphine. 

The most frequent side effect observed in patients using apomorphine infusions 
has been local skin reactions, followed by the development of itchy fibrotic nod- 
ules at the needle-insertion points. These may scab and break down and occa- 
sionally become infected or bleed. It is nevertheless possible to minimize these 
local reactions by adding saline to the solution to dilute apomorphine from the 
usual 10 mg/ml to 5 mg/ml or less and by frequently changing the injection sites 
(38). A drug-dependent, reversible Coombs-positive hemolytic anemia has been 
described in few cases treated with apomorphine and levodopa; a specific patho- 
genetic role of apomorphine has not been documented in these cases, because 
autoimmune hemolytic anemia is a well-known side effect of a-methyldopa treat- 
ment and has already been described in patients treated with levodopa alone 
(26,35). 

The patients who can expect to have a significant therapeutic benefit from 
apomorphine are those with severe off periods and with a good quality of on 
periods (particularly if not associated with troublesome peak or interdose dyski- 



Clin. Neuropharmacol.. Vol. 17, No. 3, 1994 



248 



C. COLOSIMO ETAL. 



9 

£ 

■5 
5 

§• 

.2 



o 
Go 



5 



s: 



S 
5 

<0 



C/J 

o 

CO 



ON 
CM 



u 

u 



on 

rg r*i cn vO rn 



Soon 



r<] vO 
(N n 

m 



»n < 



On in 



oo oo <o 
no <n od 



Csi OO \C 



m t§ 



00 

a 

c 

O 



cd 



1 



00 fsl — O — 



^ ^^^^ 

o o o m \o o o 



^ f^j rn r*j 

O VO »0 »0 
O CM 



« CO 
>* vO 



O go 

E eg 
3 4) 



4> 

°- * 

cpo 

pi I 

r .5 .5 

o c c g 

u o o .5 

-D U <-> c/i 

Illl 



-a 4> 

a> c 

"■3 IE a .5 

a e 

= s 

u o. 

*i3 eg 
cd 

a o 



c 

1 

c 

IS 



CflC U 

Cd CO Cd 4> 

a> d o *a 



O Q0 

to 'S3 
•3 u 

•§'£ 

O cd 
C u 



c 

o 

fi 

8. 

S Eafi 

«) tn Or 

2 a c «* 

$ Jo 55 a 



o 

■s 



o 

<u 
a 
c 
u 



c 
E 

3 

*o 
u 

to 

o 
E 

ao 
'C 
o 



T3 

C 
O 
CL 

a> 



4> 

u 
c 

S 

3 

CJ 

o 
o 



■a a 
cd — 

I c 



O 7Z 

SS 
-3 " 

w i2 
«c eg 

o e 

v> o 

It 

< a 

<3 -D 



C/m. NeuropharmacoL, Vol. 17, No. 3, 1994 



APOMORPHINE IN MOVEMENT DISORDERS 249 



.22 
*3> 
a 
o 
c 
>> 

CO 



<0 
© 



oo \o — 

n ^ >o d 

vo <*\ 



— ; 0\ vc oo r*\ ^ 
- 6 a ^ rn n 



$$$$$$$ 



4> 

as 



oo ^ © 

— (N (N 



05 



0* 



°? ^ ^ ^ ~ ^ ^ 
h ^ O VO - v£) o 



a * 



<s r-. in 



on <o oo f5S 



- ^ o\ 
<o not « 




a 

3 

cO 

4) 

S 
□ 



m o o\ 
-aon 



-a 2 .2 
- ? a 

C O.H 

U Q. O 

a* J 

U O 3 

o> "O -a 
3 a> « 



c 



vq rn 

00* Tf 

<N — 



CO 

g o 

.S .S -o ' 



§ o .5 S .2 



3 3** 
"3 T3 



,4) 
tj 

C C * 

c3 aj <o 

2 2 co 



I! 

.5 o 
co W 



c 

o 

c 
u 

cl c e 
>>.op g 

OS 

- u .u 

CO w • — 



■s 



c 

4> 
■3 

"a 
.£ 
c 

co 
<u 

6 

J3 

c 

E 
a 

O 

«— > 

c/i 
O 

£ 

jG 



n 

o 
a 
D 



•a 



t 

O 

3 5 

§ « 

8 = 

£5 



CO 

a T3 
o o 

1 1 

3 

J= cO 

o c 

to O 

§ 8 
< s 

</5 



C/in. NeuropharmacoL. Vol. 17, No. 3 ^ 1994 



250 



C. COLOSIMO ETAL. 



nesias). The routine therapeutic strategy that we implement in our departments is 
first to subject a patient to single intermittent injections of apomorphine, attempt- 
ing to anticipate the occurrence of off periods. Only when a patient would require 
>7-8 injections per day is the infusion pump considered. In some cases, patients 
can start with single injections and, either because of the poor results obtained 
with this technique or a progression of the underlying disease, are later infused 
with a pump. 

Subcutaneous apomorphine has proven useful also in the management of some 
parkinsonian disabilities appearing during off periods. Improvement was reported 
for distressing belching and aerophagy (39), obstructive defecation (anismus; 
40,41), functional bladder outlet obstruction (42), painful dystonic movements, 
and off period visual hallucinations (26). m . 

The availability of a potent antiparkinsonian drug that can be administered 
parenterally may also be temporarily useful in some specific situations. For ex- 
ample, apomorphine has been recently used to replace levodopa in patients to 
whom oral therapy could not be administered (e.g., after a major surgical inter- 
vention) (43). 



Other Routes 

Given the poor compliance of some patients to parenteral drug administration, 
other routes of application for apomorphine have been exploited (Table 3). It has 
been shown that apomorphine can easily penetrate mucous membranes (44); 
therefore, its efficacy after sublingual, intranasal, and rectal routes of administra- 
tion has been investigated. The sublingual route has the advantage of a longer 
motor response (mean, 73 min) than the subcutaneous route, but it also has a 
much longer latency of action (mean, 43 min). By this route, it is necessary to use 
a 10-fold higher dose to elicit a clinical response comparable to that seen after 
subcutaneous administration (36,45). 

A pilot study on chronic sublingual apomorphine in PD was performed in seven 
patients, who were treated with doses ranging from 9 to 30 mg t.i.d. without 
changes in the remaining medications (46). Self-rated daily records showed a 
mean reduction of off hours by 56% after a treatment lasting an average 4 months. 
The main adverse reaction was the occurrence of stomatitis, with ulcerations of 
buccal mucosae and a loss of taste observed in four patients. The severity of this 



TABLE 3. Efficacy, latency, and duration of apomorphine 
administered by different routes 0 



Route 

Subcutaneous 

Intravenous 

Nasal 

Sublingual 

Rectal 

Oral 



Efficacy Mean latency Mean duration Reference 



100% 
100% 
50% 
10% 
1.5% 
1% 



7 min 

9 min 
43 min 
32 min 



60 min 

44 min 
73 min 
195 min 



26 
8 
47 
45 
50 
16 



a The percent efficacy values have been computed, based on the avail- 
able evidence, as a function of the subcutaneous route. 
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complication forced discontinuation of sublingual apomorphine; the patients re- 
covered from stomatitis approximately 2 weeks after withdrawal. Because the 
pathogenetic mechanism of local complications of apomorphine (including skin 
nodules occurring after a subcutaneous administration) remains unknown, further 
clinical studies should be carried out using more efficient and better tolerated 
sublingual formulations having faster dissolution time and, consequently, shorter 
latency of action. 

Intranasal administration exhibits latency and duration of action similar to those 
seen after the subcutaneous route (47,48). The mean dose of intranasal apomor- 
phine required for a good motor response is close to that used for a subcutaneous 
injection, ranging between once and twice the value. The chronic use of intranasal 
apomorphine was subject to a preliminary evaluation in seven patients, six of 
whom successfully received apomorphine for 9 months, at doses ranging from 1 to 
5 rag per application (49). The remaining patient, who used high doses (10 mg), 
soon developed a severe nasal vestibulitis; therefore, he discontinued intranasal 
apomorphine after 4 weeks of treatment. A mild vestibulitis also appeared in three 
other patients after several weeks of intranasal treatment; however, it was not 
necessary to withdraw the treatment in these cases. These preliminary results 
seem to support a wider use of intranasal apomorphine spray. Nevertheless, 
because a significant number of patients develop mucosal irritation, a preliminary 
otorhinolaryngologic assessment followed by regular controls is advisable. 

Apomorphine administration by means of rectal suppositories has also been 
tried. In a pilot study, 1 1 patients who already had responded well to subcutane- 
ous apomorphine were given a single test with a suppository containing 200 mg of 
the drug. Five patients showed a therapeutic effect similar to that seen after 
subcutaneous administration. In three patients, there was a partial motor response 
for a short period; in the remaining three, no motor response was detected. In the 
five cases who responded favorably, the mean latency to motor response was 32 
min, and the mean duration of response was 195 min (50). Based on these data, it 
was suggested that such a long duration of motor benefit after rectal administra- 
tion might prove useful in patients with significant nocturnal disabilities, as an 
alternative or an adjunct to sustained-release levodopa preparations. 

Diagnostic Use 

The clinical diagnosis of PD remains troublesome. In a recent retrospective 
clinical pathological study, it was found that only 76 of 100 patients who received 
a clinical diagnosis of PD later satisfied neuropathology criteria for PD (51). A 
definite therapeutic response to levodopa is one of the main features required for 
the diagnosis of PD; a lack of response is believed to be associated with a par- 
kinsonian picture different from PD (52). Only anecdotal cases of histologically 
proven PD have been reported not to have responded to an adequate trial with 
levodopa (53); on the other hand, there is increasing evidence that some clinical 
response to levodopa occurs in parkinsonian syndromes different from PD (e.g., 
in multiple system atrophy; 54,55). 

The objective quantitative measurement of dopaminergic responsiveness helps 
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to understand whether or not a parkinsonian syndrome responds to dopaminergic 
therapy. It has been proposed that an acute challenge with dopaminergic agents 
predicts the response to chronic levodopa, thus improving the accuracy of diag- 
nosis of parkinsonism (56). The rationale of such a test is comparable to the acute 
challenge to edrophonium, as it is widely used for the diagnosis of myasthenia 
gravis. The administration of a single oral dose of levodopa was initially proposed 
as the most logical test; however, because of its pharmacological properties, 
levodopa has some drawbacks. First, it cannot be used to plot a dose-response 
curve on a single day. Moreover, its enteric absorption is not granted, and so the 
accuracy of a clinical evaluation is in question. Based on these considerations, it 
has been suggested that a dopaminergic agonist given parenterally could provide 
a better test of dopaminergic responsiveness (57). Apomorphine appears to be the 
best candidate drug for such a test because of its rapid action, reliability, and 
safety. The short plasmatic half-life of apomorphine allows for several challenges 
during a single morning (8), which makes it easy to obtain a dose-response curve. 

Apomorphine acute challenge has rapidly gained popularity, and it is now 
widely employed to assess either previously untreated patients or patients whose 
response to oral levodopa is unclear. In our departments, the apomorphine chal- 
lenge is performed in the following way. Domperidone (20 mg t.i.d.) is adminis- 
tered starting 48 h before the test. The test is performed in defined off conditions 
(i.e., 12 h after withdrawal of antiparkinsonian medications; 58). Apomorphine is 
given subcutaneously in increasing doses at 60-min intervals. The starting dose is 
1 .5 mg; it is first increased to 3 mg and then, by 1- or 1 .5-mg steps, to 6-8 mg, until 
either a significant clinical response is recorded or dose-limiting side effects are 
encountered. Most patients show a clinical response with doses as low as 3 mg; a 
limited number of patients respond to only very high doses (59). The motor re- 
sponse is assessed by measuring alternate unilateral hand tapping for 30 sec, the 
walking time (usually on 12 m) and by scoring part III of the Unified PD Rating 
Scale (60). We believe that a response to acute apomorphine challenge is signif- 
icant when at least two of these items are improved by 20%. 

The response to acute apomorphine has been shown to predict the effect of 
chronic therapy with levodopa in >90% of patients with advanced disease (59) and 
in 67-85% of patients at their first diagnosis (61,62). Such a discrepancy between 
the predictive effect in different disease stages may be the result of a variety of 
causes: (a) Mild parkinsonian features may render it difficult to evaluate an im- 
provement by using the standard disability scale or simple motor tests; (b) Pa- 
tients naive to dopaminergic medication often experience autonomic side effects, 
which may interfere with their motor performance; or (c) A placebo effect may be 
more commonly encountered at early stages of the disease. Because the acute test 
may not detect a proportion of patients with untreated early parkinsonism, who 
may nevertheless experience some benefit from a chronic levodopa treatment, a 
negative response does not imply the elimination of a chronic schedule of oral 
levodopa. 

Similar to edrophonium in myasthenia gravis, the acute apomorphine challenge 
may also be used to test the clinical benefit in patients treated chronically. In some 
forms of tremor, in which the response to dopaminergic treatment is unclear, an 
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apomorphine challenge may be particularly helpful to clarify the diagnosis. In- 
deed, postural and action tremor are not rare in PD, and sometimes they are 
indistinguishable from essential tremor. A positive response to apomorphine may 
rule out tremors other than parkinsonian tremor (63). 

Apomorphine has also been widely used to conduct clinical pharmacological 
studies in PD (64). In contrast to levodopa, which is a neurotransmitter precursor, 
apomorphine is a direct-acting dopamine agonist. It is lipophilic and quickly equil- 
ibrates between plasma and central nervous system compartments. Thus it is well 
suited for clinical studies on the pharmacodynamics of central dopamine recep- 
tors. Two major lines of research have been developed so far. First, the occur- 
rence of tachyphylaxis for dopaminergic drugs, after a few repeated doses, has 
been the object of a dispute. Some investigators have measured a decline in the 
response to closely spaced bolus injections of apomorphine (65); on the contrary, 
others have failed to find any response variation (66). One possible explanation for 
the conflicting results is that intervals between two consecutive doses varied 
between these two studies. Indeed, it seems that the duration of response after an 
acute dose becomes shorter when the interdose interval is 2 h but remains equal 
if the dose interval is 4 h (67). A second line of research addressed the role of 
pharmacodynamic variables in the pathophysiology of motor fluctuations that 
occur in advanced PD. We recently attempted to clarify the role played by pre- 
synaptic events, as compared to postsynaptic receptor changes, by measuring the 
response after an acute challenge with apomorphine in different groups of par- 
kinsonian patients. The motor response after apomorphine administration was 
longer in previously untreated patients than in levodopa-treated patients with 
longer disease duration. This indicates that some factors (e.g., central pharmaco- 
dynamic alterations) other than a lack of capacity to store dopamine play a role in 
the pathophysiology of motor fluctuations (68). 

NEUROLEPTIC MALIGNANT SYNDROME 

Neuroleptic malignant syndrome (NMS) is a severe and often lethal complica- 
tion induced by neuroleptics or by a sudden reduction of levodopa dosage (69). Its 
pathophysiology probably depends on a dysregulation of the incerto- 
hypothalamic dopaminergic neurons, caused either by the action of antidopam- 
inergic drugs or by a sudden withdrawal of dopaminergic drugs (70). The ideal 
treatment has not been found. Current therapy is based on the available oral 
dopaminergic drugs, which are usually associated with peripheral muscle relax- 
ants (e.g., dantrolene). 

Based on a few published cases of patients affected by NMS, who were suc- 
cessfully treated with lisuride infusions (71), apomorphine was recently proposed 
as a possible therapy for this rare condition. Only two cases have been reported 
(72,73). In the first patient, subcutaneous apomorphine was given continuously at 
a rate of 1 mg/h, in the second patient 2 mg were injected every 3 h. In both cases, 
an excellent clinical response was observed, with a rapid and complete remission 
of hyperthermia and rigidity. These results indicate that apomorphine is probably 
the most rational drug currently available for the treatment of NMS. 



Clin. Neuropharmacol.t Vol. 17, No. 3, 1994 



254 



C. C0L0S1M0 ET AL. 



HUNTINGTON'S DISEASE 

The clinical efficacy of apomorphine on chorea associated with rheumatic fever 
was first described in the nineteenth century by Pierce (3) and by Weil (4). More 
recently it was found that, in contrast to levodopa (74), several dopaminomimet- 
ics, including apomorphine, can ameliorate Huntington's disease (HD) chorea 
when they are administered at low doses. This symptomatic treatment has been 
thought to selectively stimulate presynaptic D 2 dopamine receptors, thus inhibit- 
ing neuronal firing in the neostriatum (75). This is in keeping with the accepted 
explanation for a sharp difference in the behavioral effects induced by apomor- 
phine, which are possibly due to the stimulation of pre- and postsynaptic dopa- 
mine receptors, respectively. Indeed, in experimental animals, apomorphine in- 
fluences behavioral responses in a biphasic manner: at low doses, it produces 
sedation (which is thought to be mediated by presynaptic receptors): at higher 
doses, it causes hypermotility and sterotypy (probably due to a stimulation of the 
postsynaptic receptors) (76). 

The putative antichoreatic action of apomorphine has gained growing recogni- 
tion, partly based on the availability of domperidone, which prevents its periph- 
eral side effects (77). Central side effects consist mainly of sedation because 
psychosis, which occurs in HD patients treated with other dopaminergic drugs, 
has never been reported. By contrast, the amelioration of chorea is observed at 
the same doses (0.05 mg/kg) therapeutically used for PD (78,79). If these obser- 
vations were confirmed by larger placebo-controlled trials, it would be difficult to 
explain the efficacy of apomorphine in HD as due to its action on presynaptic 
dopamine receptors. Alternatively, such clinical properties of apomorphine could 
be related to its effect on other neurotransmitter receptors (e.g., neuropeptides); 
indeed, it has been reported that a pretreatment with the opiate antagonist nal- 
oxone can partially counteract some central side effects of apomorphine, such as 
sedation, yawning, and respiratory depression (80). This assertion requires further 
confirmation, however. A point that deserves further analysis is also whether 
there is any correlation between a positive acute response to apomorphine in 
chorea and the subsequent response to a chronic low-dose therapy with oral 
agonists. 

DYSTONIA 

Some forms of dystonia, which account for up to 12% of all childhood and 
juvenile idiopathic forms, can respond to dopaminergic drugs (81). The detection 
and treatment of these patients is an important task for the clinician, because in 
these cases of dystonia, an appropriate pharmacological treatment may signifi- 
cantly change the clinical outcome. Therefore, a trial with dopaminergic drugs is 
usually performed in dystonic patients at the time of diagnosis. 

The first report of a reduction of involuntary movements in idiopathic and 
secondary dystonia by apomorphine was already published in the 1970s (82). After 
the diffusion of apomorphine as a test drug for dopaminergic responsiveness in 
PD, it was also proposed as a tool for predicting the response to levodopa in 
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selected cases of idiopathic dystonia (83). The results of a placebo-controlled trial 
of subcutaneous apomorphine in seven cases of segmental and generalized dys- 
tonia showed a significant clinical response in five, at doses similar to those used 
in PD. All patients who reacted positively to apomorphine experienced an im- 
provement with a chronic dopaminergic therapy (levodopa plus lisuride or apo- 
morphine); they were therefore classified as having levodopa-responsive dysto- 
nia. The response to chronic levodopa was more remarkable in patients who 
responded to low doses of apomorphine. The two patients who failed to respond 
to the acute challenge showed no benefit from chronic treatment with dopami- 
nergic drugs. The usefulness of apomorphine as a diagnostic tool for levodopa- 
responsive dystonia has been recently confirmed (84); it has also been reported 
that it can be used as an effective treatment in selected cases. Still, larger and 
better-designed trials are warranted to better define the diagnostic role and the 
possible therapeutic efficacy of apomorphine in dystonia. 

CONCLUSIONS 

Despite the stated drawbacks, apomorphine represents a major therapeutic 
breakthrough in a limited group of severely affected PD patients with marked 
motor fluctuations. This treatment significantly improves the quality of life in 
patients who have experienced many other therapeutic stratagems. For this rea- 
son, it seems reasonable to propose a carefully supervised trial of apomorphine in 
the hospital before considering a patient pharmacologically intractable. The ap- 
plication of apomorphine on different mucosae (lingual, nasal, rectal) is an effec- 
tive approach, which is often associated with a dose-dependent, reversible, local 
irritation. This can limit, to an extent that is still unknown, the use of such 
alternative routes of administration. Thus larger studies with better tolerated and 
more efficient preparations (e.g., sublingual tablets with faster dissolution time) 
should be carried out. It may also be hypothesized that a prolongation of the short 
plasmatic half-life of apomorphine could be achieved by manipulating its biochem- 
ical structure: this is still one of the major limitations to a larger use of apomor- 
phine as an antiparkinsonian drug in the early disease stage. 

We propose that parenteral apomorphine be considered the first-choice treat- 
ment for parkinsonian patients who require a sudden withdrawal of oral levodopa 
(e.g., after gastrointestinal surgery). This would not only allow for a substitution 
therapy but also would prevent the occurrence of an NMS. In addition, apomor- 
phine could be considered the first-choice treatment for NMS induced by neuro- 
leptics. Because these conditions are potentially life threatening, an infusion ther- 
apy with this potent dopamine agonist is certainly warranted. 

As a diagnostic tool, acute apomorphine challenge represents a rapid, safe, and 
quite reliable index of dopaminergic responsiveness. This test is helpful in select- 
ing patients for trials with a new antiparkinsonian drug or before addressing them 
to surgical treatment (e.g., stereotactic brain lesions, deep brain stimulation, in- 
tracerebral grafts). Thus apomorphine challenge allows idiopathic PD cases to be 
more accurately identified, with a consequent improvement in the outcome of any 
procedure based on a reliable clinical diagnosis. 
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